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IN A CDMA SYSTEM THROUGH THE USE OF REPEATERS 



BACKGEOUMD OFTOi INVENT!* 



vt 



i : f kkl of ih e in ventf on 

The present mven^<m related to eommtmkations. Mote partkukrif* 
the present Invention rentes to a method and apparatus for p^rterming 
10 imMm in a CDMA system through the use of repeaters. 

oof 



The use of code division multiple access (CDMA} modulaTion 

IS techniques is one of several techmques for faeibtaikg communication* to a 
system with a large number of users. Although other techniques; ^ueh as 
time division multiple access* (IDMA),. *req-usi*ey -siivlsioR v -inuliip1e-:4a^> 
rpDMA}, and AM .modulation schemes such as amphYtide eospparided 
single sideband (ACSSB) are ksovm, has signifkaot advarilages over 

20'" these other techniques* 'the use of CDMA techniques in a mukiple aeces& 
^communication system $» disclosed m VS. Patent Mo, 4,901 307,, entitled 
"SPREAD SPECTRUM M^^M: AdCBSS COMMUNICATION SYSTEM 
USING SATELLITE OK TBRRHSfglAL RjEFEATEKS/ assigned to the 
assignee of the present invention, and incorporated hy reference herein- ThA 

25 osp pf CDMA techniques ''M---':a : .^iti{?i«:/aa:e&s eommunkadon system is 
former disclosed in U.-S. Patenr'lS^, 5A03AS9, entitled "SYSTEM AMD 
METHOD FOR GENERATING SIGNAL WAVEFORMS IN A CDMA 
CS11.0LAR TELEPHONE SYSTEM*, assigned, to the assignee of the present 
Invention and incorporated hp reference herein. The CDMA system can he 

30 designed to conform to fiw "TIA/1IA/1S-9S Mobile Statioo-Basa Station 
Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular 
SystemA hereinafter referred to as the IS-9S standard. 

tit the a.fererneKtioiu^d \ 1DLS, Faten* Nos. 49CIA307 and 5,103,459, a 
multiple access technique is disclosed in which a large number of mobile 

35 telephone system users, each h»Yk*g: a transceiver (also known as a remote 
station),- communicate through satellite repeaters or terrestnsf base stations 
(also known as: base stations or eelh^jtes} osing CDMA spread spectrum 
communication. sigriak. In using COMA eommirnlcations, the keguencv 
spectrum can be reused in neighboring eeibsites. The use of CDMA 

40 fechniqnea results in a Mgber spectral efficiency than can he achieved using 



other miikiph. aeceas teclmtques,, thus permitting aH fecressi m system user 
-, capacity. 

As described herein., a base station is ike physical hardware through, 
which eemntnnications *s;-©ond«eted,. A r«l| is the geographical -coverage 

S area within which eomjmmkalto^s with the base station: is possible, A cell 
can be parrihoned into multiple sectors, and ihe seders can he overlapping 
or nonrnverlappiog. In the e&empkry : CDM^ : ^dtt>0«isica;llon- systmy each, 
base station ears support <mmm#M<;0im\$-ifaim^ multiple sectors, In this 
spedhcation, sector ar*d eel! can also refer to the physical hardware through 

10 which eornmunication is conducted, d«pej*dmg.-dt$ ^-i^ted. M which the 
terms are tssedi. A system refers to a set of base stations controlled by a 
common system controller. 

The conventional FM celhhar telephone systems nsed; within the 
Ordtnd Slates is commonly called iie Advanced Mobile Phone Service 

IB- %Ap0$)f.- and ig detailed in the Bleetrrmic Industry As$o$&&0is,,- 

E&/| , !A-^53 "Mobile Station ~ Land Station Compatibility Specification". In 
: such a conventional PM cellular telephone system, the avaifsnde frequency 
- .divided into channels typically 3(1 KHa in bandwidth. The system 
service: area is divided geographically into base station coverage areas which 

ZQ may vary In si&e. The available frequency channels are divided Into sets, 
The frequency $ete are assigned to the coverage areas In such a way as to 
snilnltnlse the possibility of co-chan.nei interference, fox example., consider, a 
system In which there are seven frequency sera and the coverage caress are 
'equally- wed hexagons, -li&pen&y: pei-imed in one coverage area is not 

3S used in the six nearest |:teIg|ihorMg; coverage areas, 

|p conventional cellular systems .a. handoif scheme is nsed to allow a 
commnnlcation connection lo-eondroae whm a remote station crosses the, 
boundary between coverage areas of two different base stations, in the AMPS 
system,., the h-atidofi* imm -©ne it&tiox* to another is Initiated when the 

30 active base: station handling; the call determines that the received signal 
strength from the remote station has fallen below a predetermined 
threshold value, A law ;-si|p&l ?sfe^#.--iii4icat|©]tt Implies that the remote- 
sun on s ne-o the coverage area feormdary of the base sialics, 1\h>n me 
signal level tails heiow th^ predetermined: threshold saea,- the active ease 

35 station, asks the svstem contoalleT to determine wheuher a neiehhorme base 
station receives; the remote station signal with better signal strength than the 
current base station. 

The system controllers In. response rt* the active base station inquirv. 
sends m®m$ps. -to- the -nzigikmmg ;bas£; actions with a handort request 
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Bach tit the base stations nejgfofeormg the active base -station- employs a 
special scanmng iteelver which looks fo? the signal from the rtmofe station 
on the channel at which it is ope:tatlog. Shoind tsm of the oeighbwrmg base 
stations reports an adequate signal level the system -controller, a haxtd-off 
§ Is attempted to that neighboring base station which is now referred to as the 
target base station- Mandofi 'ikm initiated: by sdecting an idle t hano.el: 
from the channel set used, in ••Mpt^'l^^^pbB- A control message is 
sent to the remote station directing It to switch fmm the current channel to 
the «ew channel supported by the target base station At the sarne hme f the 
10 system controller switches the call connection fmm the active base station to 
the target base .station. This process is Mferm^ io- as ih&M handofh The tetnt 
'hard'' is used to characterise the %reafc%efo£e--snake :t chs racier istlc of the 
: feandofh 

In the eooveniional sysferm a ;gai| connection 'is dropped : |i*e> 

15 discontinued} if the haodofl to the target base station is tmsnccessfnl There 
■■ are mmy reasons why a hard handotf failure may occur. First, hando.it can 
fall |f there is no idle channel available in the target base station-; Seconds 
handoff can also fail if one. of the neighboring; base stations reports receiving 
a signal from fee remote station^ when in jfeet the base: station hcruallg 

20 receives a signal from a ddferem remote station wbieb is using the same 
channel to communicate with a distant base stmion. This reporting error 
results in the transfer of the call connection :to a wrong base station, typically 
one in which signal strength horn the actnal remote station is insufficient to 
maintain communications- And: thirds the itandoh tails if the remote 

'W- siatioh fails to receive the command to switch channels. Actual operating; 
experience indicates that handdCh tahures occur frequently:- which 
si gniiicantl y I o wets Ihsfe retaMl% M the system . 

Another common problem in the conventional AMPS telephone 
system occurs when the remote: station remains tor an extended period of 

80 time near the border between two coverage areas. In this situation, the 
signal level tends to ..fluctuate wittt respect to each base station: us the remote 
station changes position, a$- ®ih&-mfl&lim:m altetmatiw-ob^ts wi thin the 
coverage area change p^$6*v W : m%mtLTzmmt uocertaioty. The 

signal level fluctuations can result in a 'ping-ponglng* situation wherein 

S5 repeated requests are made to handoff the end hack and forth between, the 
two base stations Such additional unnecessary handoifs increase the 
probability that the call -Is inadvertently dlsconhrmed. Furthermore, 
nnw-Ti J barui^Mv, even d successful, can adversely effect signal qualhv. 
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In U.S. Patent Me, SAL AOL entitled 'METHOD AND SYSTEM FOR 
PROVIDING A SOFT HAN DOFF Di COMMUNICATIONS IN A COMA 

assignee of the present Irn^ention and incorporated by j^tetence herein, a 
5 method arid system are dbciosed: for providing eorenvnnkabon wife the 
remote station throngh mote than one base siadan; during: the handed pf a 
CDMA calL Using this type of banqofg eonimgnication within the cellular 
system is iminierrapted by fee handoft fem the active tee station to the 
target base station- This type pf handoff -may - fee considered as a 'sod' handoff 

10 ip that concurrent jeommuiticafaahs Is established with the target base 
station which becomes a second active: bass station before communication 
with the first active base stahon is termm<ned. 

Another soft handoff technique is disclosed in U.S. Patent: 
JSlo< 3,16?,'261, .entitled "MOBILE S'f M1C$$ ,4$&t£$E;$ : -SDF? IiAHKIFF : £$/ :: 

IS A COMA CELLULAR COMMUNICATIONS SYSTEM",:; Issded 
blovembef 30, 1993, assigned to. the assignee of the present: invention add 
Incorporated by reference herein. In die system ©f'lLS* Patent No, 8,267,26L 
the soft dan doff process is controlled based on. measurements at the remote: 
stsdon of the strength at the pilot srgna! transmitted by each base station 

20 within the? system, These phot strength measurements assist the soft: 
...hmxkM' 'fmx^rhf- UcM&tkig ■■ id^ifkatiott of viable base stabpn handoff 
basdiclates; 

More specifics^- M '^.;---0a!Ve%$- ■&% • &S V Patent No,5Ab7,2dL Litre 
remote station monitory die signal strengfe of pilot signals frobL 

25 neighboring: base stations. The;: coverage area of fee neighboring base 
; : §tfciioft^i*eed. not- -'actuali^ s&Milhe-cowmgs.-imsa of fee base station with 
which active communication Is .established. When fee measured signal 
strength of the phot signal from one of the neighboring base stations exceeds 
a predetermined add threshold, the remote station sends a signal strength 

30 message to a: system controller ¥ia fee active base station. The system 
controller dif^efS' # telnet base station.: -tp •as^ifcBMi. -co]m-mpnicatl.op : with the 
remote- stahon and directs the remote station via the active base station to 
establish contemporaneous tommrud cation through fee target base station 
while maintaining- commimieation with fee active bass station. This 

35 process can condnoe for acJdlltoKl/tege'.^tipfig,. 

When fee remote station detects feat the sign strength of a pilot 
corresponding to one of fee base stations through which the remote station 
is commnnicadng: ha* fellen below a predetermined drop threshold, the 
remote: station reports the measured signal strength of the corresponding 



base station to the system controller via the aeh ve base stations. fThe system 
controller sends a command message to the identified base station and to the 
remote st&fciOtt to terunn&te ennunanicatloo wfth the idmfcified base station 
while maintaining coraraiatiOBs wife ether active base sialism 

Although the foregoing ■■ tedtoqtses are welhsuiied lot call transfers 
between base stations in the ssme cellttkr system- which are controlled by 
.the same system. ca&tK&i&t. S '^p0\^^^t- : Mp^B.on h presented by 
•mOvet&etvt el the remote station into a coverage ansa serviced by a base 
station operating at a different frequency or by a base station of another 
cellular system. One complicating factor in. an inter:&ec|;uency and /or 
intersystem handoff is the inability to transmit and received- signals at two 
nenctes simultaneously to hardware limitations. Another 
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complicating factor in the mtersysiern handoff is that each system la 
controlled by a different system controller and type&Hy there is no direct 
link between the base stations of the first system and the system eontrolier of: 
the second system, and vice versa. The two systems are thereby precluded, 
from providing: ;slmoilao.eons communication wltb the remote station:: 
during the handoff process. Even when the existence of an intersystenl iink 
between the two systems Is available to iaeilltate intersystem: soft handoff, 
dissimilar characteristics of the two systems often further complicate the soft 
: hah^plbiprocess;^ 

When resources are not avsikoie to conduct interfrequency and /or 
intersystem soft .handofts, the execution of a "'.hatd' ..handoff of a call 
connection from doe fmgneney to another freqnency and /or from one 
System to another system becomes critical if nnlnterr up ted service Is to be 
{maintained:. The inferfre£|uency and/or Intersystem handoff should be 
executed at a time and location likely to result In successful transfer of the 
ca;0 connection between systems,. The handoff should be attempted only 
where for example: 

(I) an idle channel Is available in the target base station, 

(2V the remote station Is within range of the target base station and the 

active base .. station, and: 

(3) the remote station:: is in a position at wihleh it is assored of 

receiving the command to switch charmels. 

Idealh . otjth suds interltequency and/or Intersystem hard handoff should be 
conducted in a manner which minimises fer potential for dnnc-ponsrine' 
handoff requests between the base stations ©I different systems. 
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These md ®&m ■" shortcomings of misting interfr^qnency and 
mtetsystere bandotl techniques impair the cfualMv of cellular 
communications. Farther degsmianon in pvzftm&mcg. can be expected as 
competing cellular systems eontfene to proliferate. Aeeordmgiv, there is a 
5 resulting need lor &rr iEl-terfM^etcy .md- Mtexsf&tem handed technique 
capable ol reliably executing fee haudofl of a call between the fosse stations. 



SUMM ARY OF Tif E INDENTION 

10 

The present invention -S a mfiifood and apparatus tor performing 
handoif between two eotamnolcsiion s^teis -ih^^' fl&i&fc #: : ^gatev 
The systetns can be CDMA systems operating at different rreqnrmd.es or 
Systems employing different tedxnologtes^uch as CDMA and 'AMfbX dm tint 

15 exemplary embodiment in the: brsr systems ids*: Isase.: Station is configured: Id: 
provide coverage to two or nwe sectors. One m more -sectors is associated 
with the coverage area s«m>Mndiog fe base station, whfch is also referred 
to as the cell The renmlnxng one or mom -secto is each: associated with a 
-respective repeater whkh j» located , at She boorsdary of the celt Each 

20 repeater provide eommuriieattous for a coverage: area summndmg the 
respective repeater* 

In die tecemplary embodiment the coverage area of the repeater 
overlaps the cell of the hrst system such that handoff can be performed: 
between die base station and the repeater,: In: the exemplary enmodla'ient: 

23 the coverage area of the repeater also overlaps » cell of the seifeasd sj^rem 
such th at handoff can be performed: between the base station or repeater of 
the t'lrst system and a base sfeiion (or a repeat er) of the second system. 

In the exemplary enfeodimeni the pilot signals of the base station end 
repeater of the first systfel distinguished by different offsets of the 

30 common short FN spreading codes which, are used to spread fee data. 
Alternatively^ the pilot signals can $>b distinguished by different Walsh 
covers, or other MgntifyM'g. : 'fete^. A; temote station located within the 
ceil of die first system communicates wfh the correspondmp active base 
station. As the remote station moves Into the coverage area of the repeater. 

35 the phot signal oi the repealer is Identified and: measured by the remote 
station and sent to the active base; station, if the measured phot signal is 
above a predetermined add threshold, fe repeater can be added to the active 
set of the remote station and cemnmnicaflons cen be established 
concurrently with the active baswstaikm and the repeater: The first svsteni 
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can transfer the eomoxtmieabons te a base station of the second svsterrs -using 
one of at least sour embodiments, 

In tfel first esrsbodtment the lirst. system transfers the 
commjisiiessd^as to the base station of the second system upon Initiation of 
a soft handed by die active base station of the fesi system with the repeater 
coverage area.- This embcainnent -m>tk& well wisest the coverage area of the 
repeater is co-bcated within (a snhset of) the cell of the second system. Thus, 
the first system is sufficiently assured: that eomj»atilcations with the base 
station of the: second system can be reliahb/ established; 

in the second embodiment* me first system! transfers the 
eonaomrnesheus to the base station of the second system if the pilot signal 
strength or the repeater, as measured by the remote station, exceeds a 
predetermined handoff threshold. The predetermined handoff :fhreshbM 
can be sat higher than, the predetermined add threshold which is used to add 
the repeater to the active set of the remote station. This embodiment works 
well even if the coverage mm of the repeater Is .not co-located within the 
neighboring eel! of the second system. 

In the third en^odims^ '^^e; ■■^fl^t system transfers the 
communications to the base station of the second system if the base station 
of fee firs! system is dropped from the active set of the remote station. In: 
the exemplary embodiment, the remote station periodically measunw the 
pilot signals of the active base station and the repeater and reports the 
measurements to the flmt: system. If the pilot signal strength of the active 
base staSon,:of the .first system, as measored by the: remote station, is below a 
ctoSf>- threshold, ham $,umx% is -removed from the active 
set of the remote station. When this occurs fee first system can presume 
that the remote station has tfaveled sufdeiently into the coverage area of the 
second system to initiate a handoif ol the remote station to the second 
system- 

In tire foorih embodiment, the first system transfers the 
communications to the base station of the second system if the repeater of 
the first system is dropped from the active set of the remote station, this 
embodiment is partienMrly applicable In system designs wherein the 
coverage ansa of the repeater is inclosed within the coverage area of the 
second system (e,g-, an AMP system) and it- i« desirable to handoff to this 
Second system. 

And in the fifth embodiment, the first system transfers the 
communications to me base station of the second system if the active base 
sia don and repeater of the first svafcem are both dropped from the active set 
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pi the remote static- When the pilot signal strer^lh of both the active base 
station and repeater ©J the first system falls Mow the predetermined drop 
threshold, the first system cm pxwnrm- that the remote s&t&n has traveled 
outside the coverage range of tbef irst system, Thus, a hpidoff of the remote 
5 station to the second syssem is attempted. 



BRIEF 0BSCRITOOM OF THE DRAWINGS 

10 The features, objects, and advantages of the present, invention will; 

become more apparent 1mm ■ tfe : det»Eed description set .forth below when 
taken ,m conmuetion with the drawings dn : which like reference characters 
identify correspondingly throughont arid wherein.-; 

FIG- 1 is a diagram of : ;#&§^|$«s$! • • '^ptnmui^cation system: 
15 contpnsfng a plurality or base stations and a repeater m communication 
with a h?mpie station; 

FIG- 2 i& a block diagram of an exemplary forward. link IransMlssicjn 
and receiving subsystem; 

PIG, 3 is a block diagram of art exemplary channel element %d;ihm the: 

FIG. .4 is block diagram, of :<®0fr$tesy-; -.^ieanod^ktoJr 1 wifhin the 
setnote,:: station; 

FIGS. ,5A-5B: are M&ele of an ■emmpkffy-- repeater 

conrrnunlcating through m W'^^^^t-md a trans mM on line link, 
25 respective! y ; : and 

FIGS- bA-4C are three exemplary diagrams of die coverage provided 
by a base station arid a repeater otiwp eommrmicatioo systems. 



30 DETAILED DESCRIPTION OP THE PREFERRED 

EME0DIMENTS 

Referring to the dgecres.. FIG- 1 represents an exemplary 
commnnication sfSiem of the present bwerdhm which comprises mtdhpk 
35 base stations 4 in comrmrnication wife mnthpie remote stations 6 (only one 
remote station M is shown for sirnplfcity). Systam eorhtoller 2 connects to all 
base stations 4 in the eommunleatiors sy stem, the public switched teieptmue 
network and sys»n controllers of other communication systems, 

System eoutroller 2 coordinates the eommurtkatlDn between users 
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competed to the PSTN ami other systems m& vmn<> m tem&ti& staoons $ 
Pen base station <! can -provide : caxpm»TUcatl.Das dmmgh : sero .or more 
repeater § which is used to retransmit .or nabmsdeast the forward link .signs! 
to- remote station & and to receive the mverse \mk signal horn remote 
5 station to Repeater S can be connected to base station Tibrouph a terrestrial, 
radio link or other transnbsaion links, sack as a liber optic link or 
transmission ikies. Communications from base stations 4 to remote sfchtton 
iV occurs on the forward: link through signal paths 10 and communications 
from remote station € to •ba^-.$Mi.o»t^.$::OGCttJ^,m the reverse link tferongh: 

10: signal paths 1.2. 

A Mock- diagram of an exemplary forward link transmission and, 
receiving hardware is shown in-HG. 2. :Wi#d&- -fcsse- station 4. da\? source 
110 contains the data to be trsnsronted to remote station 6. hi the exemplary 
embodiment, the data k provided to channel element 1M which partitions 

15 the data,, ChC encodes the data, and inserts code tail hhs as required by the 
system, to the exemplary embodiunato ehannei element I'hen 
eonvolutionally encodes the data,. OtC parity bits> ;&hd code tail bits,: 
interleaves the encoded data, scrambles the interleaved data with the pser 
long FN sequence, and covers the scrambled data with a Wsjssh -sequence.- 

20 The traffic channeh and phot channel data corresponding to each sector is 
combined and provided to a modulator and transmitter CMQD AND TMTR) 
114 (only one is shown in IE 1 for simplicity). Each modulator and 
1M spreads l&e -short FN sequences. In the 

exemplary embodiment the offeet M the short FN sequences tor each 

W modulator and trammiffer to be unique from Chose of 

neighbormg modulators and transmitters. The spread data Is then 
modulated with the in-phase and quadrature sinusoids., and the modulated 
signal is. Itltered^. apconverted, and ampllhed. The forward link signal is 
transmitted on forward link 10 through antenna * 

SO At remote station fk the forward link signal is received by antenna 132 

and provided to receiver $C!¥Rh J3C Receiver "134 biters, amplifies., 
clowoconverts, quadrature demodulateSj and qnanbaes die signal The 
digidaed data is provided to demodulator (DEMQ0) 1M which despreads the 
data with- the short FN sequences, deeovers die desoread data with the 

33 Walsh sequence,: and derotafes die de^overed data- -with toe recovered pilot 
signal. Use derotated data from, dhferent correlators within demodulator 
1 36 are combined and desemmbkd with the nser long FN sequence, The 
descramhied {or demodulated) data la provided to decoder !3s which 



10 

fmfbrm$ the inverse of the eftcodlng performed within channel elemeat 
112. The decoded data Is pro vid ed to dala : «mk MO, 

The formed Jink signal processing described above is further detailed 
in the -aforementioned U.S. Patent -Mm*. ABQl^W md STOMAS 4 !. These 
patents also d escribe, the wvrae Jink signal pmcessisg which is mot shown 
to FIQ, 2 for simplicity* Th$ present: Invention mw also fee applied to other 
communication systems, such as the system described in VS. Patent 
Application Serial No. PA496, entitled "METHOD AND APPARATUS FOR 
HIGH RATE PACKET DATA TRANSMISSION", hied November 3, 1997, 
W assigned to the assignee of • ih&.; pmfy&i ifaftmUon and incorporated by 
reference herein, - 

A block diagram of an exemplary channel .element 112 M shewn in 
FIG, 3. In the exemplary embodiment, channel element 112 comprises at 
feasb^ne traffic channel- ^tl &ml atfea^e^-|$&»t channel 232. 'Within; M$fa 

15 tolfid einnmel 212, CRC encoder 214 receiver the traffic data, performs CRC 
encoding.,, and can insert a set. of code tail bits- (e.g.. in accordance with the 
^ndard). The CMC encoded data is provided to convolMionat 
encoder 216 which encodes the data with a mnvoluHonat code. In the 
exemplary embodiment, ihe: convolutlonal code Is specified by the 1S-95 

20 standard. The encoded data is provided to interkaver 21 8 which reorders 
code symbols within the encoded, data, In the exemplar? embodiment, 
interfaver 218 is a block interkaver which reorders the ; code sy^A- 
witbln blocks of 20 msec of encoded data, The interleaved data is provided 
to multiplier 220 which scrambles the data with the riser long FN sequence.: 

25 The long FN sequence is identical to that assigned to the remote station lor 
which the comm^rdcatlorrg Js destined. The scrambled data Is provided to 
rnnMpller 222 which covers the data with the Walsh sequence assigned to 
this traffic channel. The covered data Is provided to gain element 224 which 
scales the data such that the required energy-per-'bit-'to-noise Eb/lg ratio is 

SCI maintained at the destination remote: station while minimising transmit 
power. The scaled data is provided to switch 230 which directs the data from 
the trot he o unneU 212 to the prope? summer 240. Each summer 24Clsums 
the signals from all traffic eiiannels 212 and phot channel 232 designated for 
that particular seeion The resultant signal -foom each summer 240 is 

35 provided modulator and transmitter MA which fonctions in the manner 
described above. 

Channel element 112 comprises at least one pilot channel 222, The 
number of pilot channels 232 required is dependent on system 
requirements. In the exemplary emhodlment, each sector Is associated with 
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a pilot signal having the same Walsh cover Ce»g v Walsh cod*? 0): but a short 
PN offset which is uni£|Be from those *s# ueigMK>ring sectors. In the 
atematise embodiments each sect®* c&» be asstx iated with a pilot signal 
having the -same steri F H offset .but a Walsh cover wMch i$ arnou % m 
5 those of neighboring sector- Ofer unique ideMtly!«g features can be used 
to distinguish the signals of different sectors and are within, the scope of the 
present invention. 

For each pilot channel 2S2, the pilot data is prided to multiplier 234 
which covers the data with a phot Walsh, .sequence. In the exemplary 

10 embodiment, the pilot data for all plot, ehannels £33 ate identical and 
comprises the ail ones sequence. : The eovanxi .pilot data is provided to gam 
dement 256 which scales the -psilot : -^^^i?i; r a.--scaikig factor to maintain the 
required phot signal level. The scaled pilot data is provided to switch 230: 
•••which directs the data from pilot channel 232 to t&fe proper summer 240, In 

IS fte exemplary embodiment, the spreading with the corresponding short FM 
sequences is perf earned within modulator and transmitter 114- 

The hardware m described alxwe is one ot many embodiments >: which 
can he used by a single base station to provide coverage to multiple sectors, 
Another method and system for adaptive seelemed trm^ntfesion art? 

20 disclosed: m ,l)S< Patent Apphcatkm Semi No. 0* ' b'S.-ifcO, entitled 

"dynamic mcromzATmn in a spread spectrum 

COMMUMICATI0M SYSTEM", fifed fune 27. t 1995, assigned to the assignee 
o;f :fhe : present invention and Incorporated by reference herein. Yet another 
method and system :^.#«i^K?lMidn to partlcularked areas are described in 

2S the afoWmenMoned U.S. Patent Application. No- PA446, Other hardware 
archlteetntes can also be designed to perform the functions described: herein. 
These vatioti§:.isr^Klt^«-re$:-:^ :wltMn, the 'scopg of the present invention, 

A block diagram of an exeurplary demodulator within remote station 
6 Is shown in FIG, 4 The forward link signal Is received by antenna: 132 and 

30 provided to receiver 134 which processes the signal In the manner described 
above. The digitized I and Q data is provided to demodulator 130.. Within 
demodnlator the data is provided to at least one correlator 318, Each 
correlator 310 processes a different mu.Ibpath component of die received 
signal. Within correlator 310. the dam is provided to short Phi despreader 

3§ $20 which despreads the I and Q data with the sheet FN sequences to obtain 
the desp toad ! and Qdata, Tlie short FN despreadmg is the inverse of the 
spreading performed by the short FN spreader within modulator and 
transmitter 114, 




The nospread I data is pnwided te m5iiupbef , s : 322a mid pilot 
correlators 326a -atid the daspread Q da ta is provided to mrjidpliers 322b and 
pilot correlat=©ss 32feb. Multipliers 322a: and 322b ■ multiply? the i and Q data, 
respectively^ with die Walsh sequence (Wx) assigned to feat correlator 310, 
■& 1 he 1 and Q data trore «nuihplKr» 322a and 322b Is provided to accumulators 
(ACQ 324a and 3Mh, respectively. In the exemplar? embodiment:, 
accumulators 324 accumulate the data over a 64~cWp interval the length ol- 
die Walsh sequence. The disix^j^ 324 is 
provided to- dot product circuit 32B, : PUi£ mm$l&$w&'-'3<Mk-m$. 326fe.-dec0ve* 

10 the I and Q data with the pilot Walsh sequence fPWyi assigned to itift 
correlator MO md Biter ^,.^^m^ : - -dgaai The filtered pilot l| 
provided to dot product circuit 328 which computes the dot product of the 
two vectors (the pilot and data) in a farmer kno#n in die art, An 
exemplar? embodiment or dot product circuit 323 is described in detail in 

15 US- Patent Nq> 5,506^65, entitled;: ^SOT CARRIER DOT 'MODUCT 
^CIRCUIT', assigned to the assignee of the present invention: a&d 
incorporated by reference herein. Dot product circuit 32S project's the vector 
corresponding to the decovered data onto the vector corresponding to th4 
filtered pilot, multiplies the amplitude of the vectors,- a.c so provisoes a stgneo 

20 scalar output to combiner 330. Combiner 330 -combines the ootpuh* from 
correlators 1 310 which have been assigned to demodulate the received signal 
and routes the combined data to long FN despreader 3X2, hong PIN 
despreader 332 despreads the data with the long RM sequence and provides 
:tbe demod elated data to decoder 138, 

2S- The -pilot signal strength lor a particular correlator 310 can. be 

computed from the filtered pilot from pilot correlators 32ea and 32bb, In 
addition;, the pilot signal strength measurement can be filtered to provide a 
more reliable measurement*, A uiethod and apparatus tor performing phot 
signal measurement are described 1 in ITS. Patent Application Serial No, 

W. m/722;76% -entitled "METHOD AND: AFfAEATUS FOR MEASURING 
LINK QUALITY IN A SPREAD SPECTRUM COMMUNICATION SYSTEM",- 
tiled Septemhes 2" 19%,, assigned to tbi assignee of the present invention 
and Incorporated by reference herein. 

In many conmiunieation systems,, repeaters axe employed to improve 

35 coverage and increase capacity* A repeater receives a signal trom a source 
device., amplifies the signal, and retransmits or mbmad.cas.ts the signal to a 
destination, device, Genemllyi. the repeater provides two-way 
retransmission or r«br®sdcast : ©f .'flier ^forwaxd. ..and . rev-erst . link signals 
between eomrnrmicating devices. Typfealy, the repeater provides signal 



13 

condnfening \*\&, ampbtjcaimn. filteing, sncl possibly frequency 
conversion) but does not provide ■ signal proeesshag or control- 

A Mock diagram of :mk'zx&m$>Uf¥ ■■mpeadBf- is shown a HGS. 5A and 



In FK:. ~a repeater 8a com«mnkstes wife ihw base stMiom through 
5 terrestrial or sabiptcs 1mk 410, link Wean be a t&rffistrial or microwave 
\mk kom a source base station, or a satellite link from & conxmumeatlptv 
satellite (such as a GLQBALBTAn communication satellite), the forward 
link signal from the base station Is *s#ji^ed : by donor antenna 412 and. 
provided to dupiexer 414- Duplexer «4 directs ihi iorward link signal to 
10 amplifier (AMP) 4M which amplifies the signal Mtering and/or frequency 
conversion can also be provided, although this is not shown in FIG. OA tor 
simplicity, The amplified signal k routed fteough duplexer 418 : and 
transmitted to the remote stations through server antenna 420. Serving 
antenna 420 also receives the reverse link signal frorn the remote stations, 
15 The reverse link signal is routed through duplexer 420 and provided to 
samplioer (AMP) 422 which amplifies the signal. Again, altering; pnd^ar 
frequency conversion can also he provided hut is not shown in PCp --SA Ipr 
simplicity. The amplifed signal is routed through duplexes #4 and 
transmitted to the base station from antenna 412, 
20 Eeoeater 8h as shown in HC- SB opa^ies in the Mine manner as that 

of repeater $a in FIG. 5A. However, repeater SI* Interfaces with the base 
station through frait^hiss^n Ike. imh 4M* which can comprise a fiber optic 
4infc, a ^axlal il^lv or other links. ;; 

The partition or a ceil into multiple secmrs provides many benefits in 
25 •^|j^:,!i^mmu»liC.atbft systems- Find, capacity can be improved since the 
traffie channels (e.,g„ Walsh codes) among the various sectors can be reused. 
Second, rellabllty can also be Improved through the use of sod handoff With 
two or more sectors. 

In the exernpiarv CDMA commnnkatlon system disclosed in the 
30 .aforementioned US, Patent Application Serial No. (18/495382, the base 
station can be configured to provide communications through a single 
sector or mrvlhple sectors. The coverage area of die base stahon (or the ceil/ 
cm he partitioned into multiple seefors- The cornrnunications between a 
remote station and the base, station can occur throngh one or more ?»\ tor*. 
35 Each sector has the attributes of a cell |&g..,. each sector having rts own set or 
traffic channels and its own pilot signal), except mat the communicarion 
throng the various sectors of the cell are eoordnmted by a: common base 
station. For systems, each sector is associated with a different otfset of 
the short spreading codes, Thns/hy rneasUFing the short offset of the 
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pilot sMiai transmitted by a pariicniar sector; ihes identity of thai sector can 
foe determined. 

In the exemplar? embodiment. Hoe. base atatiptt' m omB^imd to 
provide coverage to two or more 5ectors> One or :mor« sectors can. be 
associated with the coverage imtf ^mmdm% the base station. The 
remaining sectors can foe associated wirlt t epeaters which are placed at the 
boundary of the cell For exatnpkv the cell cap be partitioned into two 
sectors. The base station can then fee operated to provide coverage to three 
sectors, two sectors associated with die cell -within which the base station is 
located and one sector associated with a repeater, 

A first exemplary diagrams ol 'the pirovMed fey base- #t*#8|r. 
and a repeater of two communication systems is shewn in Fit).: 6A, in 
FIG. 6 A, base station 4 is operated to provided coverage to two sectors. One 
sector is associated with cell 22, The second %&$m w a# ; oeiais4 with Repeater: 
S tvrach provides coverage to coverage area %k In the exemplary 
embodiment, both cell 22 and coverage mm M are operated at the same 
frequency and overlaps such that a remote station moving along ''t&®$0 m& 
be in sod handoff when located within shaded region 39. Base station 4 and 
repeater :8 are part of a first comrniinication system. 

In the: exemplary diagram shown: in FIG. 6A f eonamanlcatiphs: in the 
areas advent to cell 22 m provided by & second communication system. 
This mmm :oBte^*#j^^*|^4ei^^ : Jbe aju^her GFJMA system operating 
at a dilleMnt frequency or a system of an alternative eommanication 
teehndlogv, such as AMPS- Base station. -14 of the second system provides:: 
cdve tage to cell 24 Similar tp tfe : first system, base station M can also he 
operated in a malti-sector mode lo provide' coverage to adpimng eoversgo 
pea M through repeater 18, Mote, in this example, the coverage area 26 b 

co-iocated withm cod 24: 

A second exemplary diagram of the coverage provided by a base 
station and a repeater is shown. In PIG. -6EL In FIG. 60, coverage area 2fe 
overlaps eeli 24 font is not completely eontal3aed : wiifein cell 24 (as is the case 
in FIG - oA), Coverage area 26 can he nsed to bridge the coverage betw een the 
fir-st and second systems. Repeater $8 is not shown in FIG, 6B for simplicity , 

A third exemplary diagram oF the ^ epverago provided by a base station 
and a reneaier is shown in WIG, 6C In FIG, §€, coverage area M overlaps ceil 
24 font is not codoeafed: witbM ctliM. FnrthefmDre, eels 22 and 24 are non- 
adpnlng such that handoii between base Station 4 to base station 14 » not 
possible without an intemediate bandoff to repeater 8, Again, repeater i& is 
not shown in FIG. 6€ for simplicity. 
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la the exemplary ^^feodlawnt,, the first system- Hag a priori knowledge 
that coverage area 26 overlaps ceils 12 and M. The litst -system also has a 
pylori knowledge that base station 14 w controlled hy the second system, In. 
the vxitwpiw? embodiments fee first is connected to the second 

5 system and can .indig&s a hamioff of a remote station, from the first system to 
the second system, 

lh the present invention;, # t|ie>renihte -s^-iicm-'^cif^ horn the first 
system to the second system,, and yiee versa, repeaters can be used to initiate 
a handolt of the remote station between the two systems. Referring to FIG, 

W oA« assume that the remote station moves along road 30. from left to tight. 
Initjallyj the remote station is Iocated ; m -ceB M ■^^■■w^mmmi^ with base 
station 4. As the remote station travels into the shaded region 30,. the 
remote station .also receives the pilot signal horn tepeater 8:. The resole,: 
-station demodulates the pilot signal from tepeater % determines the, identity 

15 of the new pilot,, and reports the pdoi signal strength and identity {e,g, the 
.Fbt offset or the Walsh code of the phot signal) to base station 4, Base: station 
# compares the reported pilot signal strength against a predetermined add 
threshold and can add repeater 8 to the active set of the. remote station it" the 
pilot signal strength exceeds the predetermined add threshold,. The active 

211: : set comprises the list of base stations (and/or repeaters! through which 
active communication & -established- Base station 4 can then direct soft 
: -:|i^<iW : ^ : *fe^ incite'' staf$p« & accordance with the method described dry 
the aforementioned --US latent Mos> 5,101.301 -and $,07M% tn the present 
mvention, handof i of the communications between the. remote station and 

25 base station 4 to base station Mean he accomplished m one of at least tour 
embodiments- 

In the first embodiment, the first system initiates a. handoh of the 
eommunieahons between the. remote stabon and base station 4: to base 
station 14 upon initiation ot a soft handedf with repeater i, Referring to 

31) blChbA, coverage area 2I> is eo;4oeated within eel! This can he ensured 
during, the system, planning stage; and by proper placements of the base 
stations and repeaters^ it* this ease, the Erst system is reasonably assored that 
a remote stat ion which is in soft bandoff with repeater & is also within the 
coverage area of base station 14 This mformation can be used to Inibste the 

So handed to base station 14 when the remote station rs within the coverage 
area nt: repeater S. : 

In the second embodiment, the firs! system Initiates a hrmdoo pi the 
contmilnications between fee remote station and base station I to base 
station 14 open measurement of a sufficient pilot signal strength from 
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repeater 8.. In this embodiment base sMdon 4 initiates bandon with repeater 
8 when the reported pilot signal Kfrongth or repeater S, as measured bv the 
remote s.£aticm> is* above the predetermined add threshold as described 
above. However, since coverage area? $$ m®? not fee eodoeaied within cell 22 

5 as illustrated: by' HQS, &Bd>C/the fest system doe? r\Qi immediately initiate 
handofi of the communications feom base snndoo 4 to base station M upon 
India don or a handod with repeater since doing so may result in. 
disconnection of tib.e communications. Instead* die remote station 
continues io measiire tire pilot signal strength from repeater 8 and reports 

10 the measurements to base station 4, Base stahon 4 can compare the pilot 
measurements against a predetermined handohf threshold which is set 
higher than the predetermined add threshold. The first system initiates the 
haodoff of the communications beoveen the remote station and base: stattdU: 

4 to base station 14 when the reported pilot signal strength of repeater i Is 
IS jbow &e predetermined haodoff threshold, The second embodiment 

wisfks well for the coverage Illustrated by WIG$>- bA~6B\ 

The predetermined handofi tlvmshoM can be set m McQsdmm with 
measdremsnts of the pilot signal strength mronghont eovetage area: £6 (e,g. s 
pilot signal strength measurement along road 38) or can be get in accordance 
20 with oomptitation of the expected pilot signal strength fe#, wing effeciive 
radiated power (ERF) and r* propagation law, where t Is die disftince front 
repeater 8). Mm ^nsmph,. &m predetermined handed threshold can bes,et 

5 dB higher than mat of the predetermined add threshold, although other 
values can be used based on : system design and ate within the scope of the 

25 present invendors, 

in the third embodiment, the first system ml dates a hando.fi of t he 
communications between the; remote sta don and base station 4 to esse 
station 14 Whm base sfadnn f ls -dropped from the active set: of dn? remote 
station. In the exemplary enthodlmonh the remote station periodically 

3D measures the pilot signals of the- base stations and repeaters within: lis active 
set and reports these measurements to the active base stations, The active 
base st-altos- comparer the pBoi mmm&tmsmfe agarnst a predetermined drop 
thresho d fi .5 p!k$ measurement 1^. hdldw the pr< itore;r:vu ; drop 
threshold, the base station corresponding to this phot signal is removed 

35 from the active set of the remote station as described in the atoremenimoed 
IhS, Patent Mos. 5JOX f S0I and S,2h?V2h1. In this embodiment if the pilot 
signal from base station 4 is below the predetermined drop threshold, the 
first system can presume that the remote station has traveled well within 
cell 24. Thus, the htsfc system initiates the handofi of the communications 
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between the remote station m& base station 4 to base station 1.4 when base 
station 4 Is dropped froru the active get of the retpettt? station. The third 
embodiment also work$ ; well for the coverage illustrated by- FIGS. #A->&B. 

In the forth embodiment, the first system mdiates a handoff of 'the 

i eormR'unlc£idORs between the remote station and fease station 4 to bass 
station M when repeater 8 Is dropped 1 fern the settle set of the .remote 
station, in this embodiment eonmrnnk&tioos between the remote station 
and repeater 8 Is maintained k)t as long -ag possible. However, If the pilot 
signal strength of repeater 8 is k$»sr-#» .fsedieteitnkietl drop threshold, .'the.- 

10 first system, presumes that the remote station Is, within the coverage: area or 
the second system. Tims,, the first system initiates the handofi* of the 
communications between, the remote station and Base station # to basse 
Station 14 when repeater B is dropped from the actMe set of the remote 
station. The fourth enibodunent works well tor the coverage ■ Ihistmled by 

IS 6Av 

In the fifth- embodiment, the first system, initiates a handoff of the 
eonimnol cations between the remote station and base station 4 to base 
station 14 when both: base station 4 and repeater & are dropped horn the 
active sM of the remote station, fn this embbd intent, eommwleatlobs 

20 between the remote station and base station 4 and/or repeater -8 is 
maintained lor as long as possible, However, if the pilot signal strength of 
'ibase stafloh 4 and repeater 8 Is below the predetermined drop thresho!d>: the 
first .syslem presurnes that the remote station has traveled beyond the 
average area of the Erst system^ Thm, the first system initiates the handed 

15 of the communications between the remote station and base station 4 to base 
station 14 when both base station 4 and repeater B are dropped horn the 
active set of the remote station, The fifth embodiment works well for the 
coverage Illustrated by FIGS- 

The second, third, and firth embodiments described above provide 

$0 hysteresis which minimises the ^ping-ponging' or handoffe between two 
systems. In the second embodiment, the hysteresis is provided by the 
difference between die predetermined add threshold and the predetermined 
handoff threshold. And. in the third: and fifth embodiments the hysteresis 
is provided by the difference between the predetermined add threshold and 

So the predetermined drop :tfi«shoM of the base station and the repeater. 

Although the handoff described above occurs during active 
eonimunieahon between the remote .station and the base station, this 
handoff to the second system can also occur while the remote station is Idle, 
As the remote station travels along road 36, the pilot sipra! of repeater S can 
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be measured. In the %t$i: emfeedlmessfc fm idle>mode handon, ilm rem ote 
station reports the pilot measaremCTfe to the irst s)rst«m- The first system 
can direct the handoff to the second system \v&n$: -afty pm of the 
embodiments descried above. The r^ndoft can te amsmp&hed through 
§ interface messages wlitt are &a«si»ifcted between the bam stations md. the 
remote station. In the second erabfKilweat tor idle-mode handutl the. 
remote state monitors kit ^^t-m^^^m m®^0 -Whkh- ishroadeast 
over the coverage area of the rvpoaier. The global redirection message can 
direct the remote station te a mew frequency or another system {a>g"., an AMP 
1:0 sfstem). In the third embodiment lor yie-mode handofl the remote station 
m<m$f&m for an extended neighbor list message which U broadcast mpt the 
coverage area of the repeater The extended neighbor list message can. 
indicate that the ordy neighbors tor this remote ■■Ration are on another , 
Ireenency or another system. 33seyexi€tKi&J neighbor list snessa|rp is; 
1:5: described m the COMA standard entitled "AblSI IrSTO^ t\^<k$m$$$ 
Station- Base Station Compatibility Reciuirements for 1 J to 2<d pdis, Gdde 
Division: Multiple Access (CDMA) Personal Communications 'pystems'T 
Other embodiments to perform handott m idle mode am be contemplated 
'.^«.d:-a^:^itb.iict. the scope of the present invention. 
20 AMfetjgb onh? one repeater l\ shewn in FIGE oA-^bC for the first 

diipfc repeaters can he employed. Repeaters eanibi efhployed to 
extend the coverage area frothy #a«h handofl can he performed. 
Furthermore, repeaters can be employed ft* hnk non^ad|olntng coverage 
:arep; ef the two systems ip^ f repeaters connected in serial manner}* The 
25 system Msiatmg-. :i*e : ':ta$&ff ; t^..,a : :: p#*ri : fcft$wla%e of the particular 
repeater which overlaps the neighboring system. The system uses this 
inlormatien and the report of iM Identity and / or pilot signal, stren gth of 
this repeater to initiate the handoff. 

The present invention can also fee practiced using a pilot beacon 
30 which transmits only the pilot signal (and no traffic channels). The use of 
the pilot beacon can be used : an .conjunction with the brat three 
embodiments described afapyei The pilot beacon produces minimal 
interference to the stmroundlng coverage areas while providing the 
necessary oilot Identification and signal strength measurements. In generac 
35 any sle;nai transmitted .horn the repeater or pilot beacon can be used assist 
with the hand off process- 

The previous description of the preferred emhodlnienis m provided to 
enable any person skiled in f he art to make or use the present invention. 
The various modi bcaiions to these embodiments will he readily apparent to 
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those skilled to fete art .and the gesterie pfmdpte de&ned herein may be 
applied to other embodiments without the nse of the inventive iae«|ty\ 
Thus., dis: 1 present invention is not wtgnded to fee limited to the 
embodimeMs shown herein bat is to fee accorded the widesi scope consistent 
5 with the principles : swact' mwel feaMres disposed herein. 
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1, A method' lor oeffotsu»e ; '%atid<>ff of a remote .station from a 
2 itvsi base station to a second base station comprising tte steps of : 

measuring, a signal strength measurement of a signal: from a repeater 
4 at the remote station; 

comparing the signal s^s^^v^^tt^^^ : ;:#fM repeater against a 
6 predetermined add threshold; and; 

Initiating the handed in response to a result pf the comparing step, 

I the method of claim. I therein the signs! from the repeater is 
2 a pilot signal. 

3. The method of claim 2 wherein the repeater transmit a pilot 
2 beacon. 

■4, The method of claim 2 wherein the pilot signal from the; 
2 repeater Is identified hy m offset of short FN spreading se^oenee!* P»i<|«e 
from |se offset: ^ mS^ ^ m^m^^^^ the drat base station. 

Si The method of claim 4 wherym the pilot signal from the 
2 repeater is ■ identified hj a Walsh cwm umqm from the Walsh cover of the 
pilot signal of the first base station, 

(i The method of claim. 1 wherein a coverage area of the repeafer; 
2 overlaps a coverage area of the Hfst foa.se station. 

7. The method of claim. I wherein a coverage area of the repeater 
2 overlaps a coverage area of the seephd hase station. 

8. The method of claim % wherein a coverage area of the repeater 
2 is co-located within a eoverage area of the second base station, 

9. The method or claim 1 wherein the psi base station and the 
2 repeate* both operate on a common: feeqwenc?- 

lit The method of claim 1 wherein the second base station 
2 operates on a frepnency different feom the f regency of the mpmm>- 
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XL The method of daira t wnemm ttm r^m^ mmmmuc^im 
with the fttst base station through a terrestrial linic 



12, The method of eknn 1 wfeeip-.-tiar i&pe&Ser eommwrucates 
2 with Hie first base station through a |rsfesm;i$$ioh Hits link. 



13, the method of cl» l : WSpeeM- : iw&st fease -station is operated 
2 provide coverage to a plurality M- : mkm, on sector Associated with the 



the method of zhim I wherein the Initiating the tiandoff step 



2 Is performed if the 



signal strength Measurement of the repeater exceeds the 



predetermined add threshold, 

15. The method ot claim 1 further comprising the step of: 
2 cesmparmg the signal strength meastneraent of the repeater against a 

predetermmed handof f : dtteshold; 
4 wfomtim fe initiating the handef! step k periosmed 11 the signal 

#r«mgf% measurement of die repeater exceeds the ^d^mi«ed feslidpfl 
6 ifeeshoMv 



16- The method of claim B wbereln the predetermined handofr 
;2 tfeshoid Is set Mgher than the predeterrnined add threshold. 



.17, The method of 
2 threshold Is set In 

throagherrt a coverage area of 



claim 13 wherein the predetermined hnndcdf 
ance with signal strength measoresnants 
a repeater. 



18, The method of eiahn IS wherein the predetermined handoft 
2 threshold is set m accordance with compared signal strength rhroughout a 

coverage area of the repeater, 

1 9. The method of claim I further core p rising die steps of: 

2 measuring a signal strength- measmersent oi a signal from the first 

Base station, at the remote station; 
4 comparing the signal: strength measurement of die first base station 

against a predetermined dt^ 



6 wh&rern the ia.itia.tmg • the . h&ndofi -step is ptitkomxtd If the signal 

strength measurement M the base station is 'bcSow : fc predefernhned drop 
S threshold. 

20, The method of date If wteehv tfe Mtiatmg the handoff step 
2: b performed II the signal strength measra?ement of the repeater .a«d the 
signal strength measurement of the base station are below the 
4 pTedetemteed drop thTeshoid.. 

21 A system for performing handoft of a remote station &ptp a 
2 first base station to a second; base station comprIsm|p 

a repeater connected, to the first base station tor providing a signal to 
4 the remote station; 

a first system controller connected to the first hsse stations ; 
h :is second system controller cormeoted to the second base Marion and to 

the txtyi system controller; and. 
$ wherein the handoft is initiated 1 by the first system controller baaed on 

msasnresnent pf the signal from the repeater at the remote istshbnv 

22, The system of claim 21 wherein the signal from repeater Is 
^ p!#ii|;n«th 

23, -. The syMem of c\mm 22 wh^mm the pilot signal from the 
2 repeater h identified by m offset of short FN spreading sequences unions 

: |rom: the offset of the short FM spreading sentences of the -first base station, 

24, The system: of claim 21 wherein a coverage area of the repeater 
2 overlaps a coverage ares of the second base station. 

25, The system of claim 21 wherein the first base station and the 
2 repeater both operate on a ecam^on frequency, 

26, The system of claim 21 wherein the second base station 
2 operates on a fremiency different from the frequency of the repeater, 

22. The system of claim 21 wherein the repeater Is connected to the 
2 n rsr has* : station feongh a terresMal ink. 
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28. T he ■■system of claim 21 whtts&r&e xgpmW is- cwj^ected to the 
2 nrsi base station ttough & trat^mtssion ii» linfc 

29. The Intern of claim 21 whereto the handolf ip initiated if the 
2 signal strength measurement of the repeater exceeds ^ ^edeiermlrissi add 

futeshokh 

30. The system of claim 21 wherein the banded is initiated If & 
2 signal strength measurement of the base station is below & predetermined 

drop threshold. 

31. The sptero of claim 21 wherein Ihe ; nandoff & Initiated if a 
2. .signal strength m.ea$«temenf::: -0 ■%$--$$m :statk>n and the signs* strength 

ipeastrrement ol the repeater are below a ptedetermmed drop threshold. 
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